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1
REFLEX ANNULAR VENT NOZZLE

BACKGROUND

A gas turbine engine typically includes a vent that is
formed by the fan Inner-Fixed Structure (IFS) also known as
the core cowl and the core external surface also known as
Core Outer Mold line (Core OML). Ideally, the vent would be
located in a region where the static pressure is less than the
ambient pressure to increase the Vent Nozzle Pressure Ratio
(VNPR). Placing a vent in such a location for a geared turbo
fan engine configuration is challenging because this type of
engine has a low fan nozzle pressure ratio (FNPR). Due to the
low fan nozzle pressure ratio there is no over expansion
region on a core cowl where the static pressure is less than the
ambient pressure. Due to the low VNPR, the fan stream
suppresses the vent stream which adversely affects the vent
flow coefficient and results in an increase in the physical vent
exit area requirement.

Additionally, the geared turbo fan configuration has a
smaller turbine diameter, which reduces a circumferential
width of the vent. Thus, to meet the vent exit area require-
ment, the height of the vent step is increased. This increase in
height results in an increase in vent step drag as associated
with a backward facing step, which adversely affects effi-
ciency.

SUMMARY

In one exemplary embodiment, a nacelle assembly for a gas
turbine engine includes a core defining an engine central
longitudinal axis. An inner-fixed structure is radially outward
of the core and has a core cow] that extends from the inner-
fixed structure to a trailing edge. A thrust reverser is spaced
radially outward of the inner-fixed structure to define a fan
flow path. A vent having a core cowl internal surface is
formed as part of the core cowl and a vent inner surface is
spaced radially inward of the core cowl internal surface to
define a vent flow path. A reflex member extends from the
trailing edge to impede mixing of the fan flow path and the
vent flow path.

In a further embodiment of the above gas turbine engine,
the reflex member comprises an annular strip that is fixed to
the trailing edge.

In a further embodiment of any of the above gas turbine
engines, the annular strip is comprised of a rigid material.

In a further embodiment of any of the above gas turbine
engines, the reflex member comprises a reflex inner surface
that faces the vent inner surface and a reflex outer surface that
faces opposite the reflex inner surface. The reflex outer sur-
face comprises a concave surface.

In a further embodiment of any of the above gas turbine
engines, the reflex member has a curved profile extending
from a fore edge of the reflex member to an aft edge of the
reflex member.

In a further embodiment of any of the above gas turbine
engines, the curved profile has a portion that extends radially
inwardly toward the vent inner surface.

In a further embodiment of any of the above gas turbine
engines, the vent inner surface has a portion that converges
toward the reflex member to define a vent height.

In a further embodiment of any of the above gas turbine
engines, the vent height is less than about 0.50 inches (1.27
cm).

In a further embodiment of any of the above gas turbine
engines, the vent inner surface has a portion that converges
toward the reflex member to define a vent height.
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In a further embodiment of any of the above gas turbine
engines, the reflex member extends from a fore edge fixed to
the trailing edge to an aft edge that defines the vent height. A
portion of the reflex member that is between the fore and aft
edges extends radially inwardly toward the engine central
longitudinal axis.

In a further embodiment of any of the above gas turbine
engines, the reflex member is integrally formed as one piece
with the core cowl.

In one exemplary embodiment, a gas turbine engine
includes a core defining an engine central longitudinal axis.
An inner-fixed structure is radially outward of the core. A fan
has a thrust reverser unit spaced radially outward of the inner-
fixed structure to define a fan flow path. A first shaft is rotat-
able about the engine central longitudinal axis and connected
to the fan. A first compressor and a first turbine section are
interconnected by the first shaft. A second shaft is spaced
radially outwardly of the first shaft and rotatable about the
engine central longitudinal axis. A second compressor and a
second turbine section are interconnected by the second shaft.
A core cowl extends from the inner-fixed structure to a trail-
ing edge. An inner peripheral surface ofa core OML is spaced
radially outward of a core nozzle inner surface to define a core
flow path. A vent having a core cowl internal surface is
formed as part of the core cowl and a vent inner surface is
spaced radially inward of the core cowl internal surface to
define a vent flow path. A reflex member extends from the
trailing edge to impede mixing of the fan flow path and the
vent flow path.

In a further embodiment of the above gas turbine engine,
the first shaft is connected to the fan through a geared archi-
tecture.

In a further embodiment of any of the above gas turbine
engines, the reflex member comprises an annular strip that is
fixed to extend aft of the trailing edge.

In a further embodiment of any of the above gas turbine
engines, the reflex member extends from a fore edge fixed to
the trailing edge to an aft edge. The reflex member defines a
vent height relative to the vent inner surface.

In a further embodiment of any of the above gas turbine
engines, a portion of the reflex member that is between the
fore and aft edges extends radially inwardly toward the engine
central longitudinal axis.

In a further embodiment of any of the above gas turbine
engines, the vent inner surface includes a portion that con-
verges toward the reflex member to define the vent height.

In a further embodiment of any of the above gas turbine
engines, the vent height is less than about 0.50 inches (1.27
cm).

In a further embodiment of any of the above gas turbine
engines, the reflex member has a curved profile extending
from a fore edge of the reflex member to an aft edge of the
reflex member. The curved profile has a portion that extends
radially inwardly toward the vent inner surface.

In a further embodiment of any of the above gas turbine
engines, the reflex member is integrally formed as one piece
with the core cowl.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to
the following detailed description when considered in con-
nection with the accompanying drawings wherein:

FIG. 1 schematically illustrates a gas turbine engine
embodiment.

FIG. 2 is a schematic illustration of bypass, vent, and core
flow paths through the gas turbine engine of FIG. 1.
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FIG. 3 is a schematic cross-sectional view of a core cowl
trailing edge with a reflex member.

FIG. 4 is a magnified view of the reflex member of FIG. 3.

FIG. 5 is a schematic cross-sectional view of an integrated
core cowl trailing edge and reflex member.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 is disclosed herein as a two-spool
turbofan that generally incorporates a fan section 22, a com-
pressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmentor
section (not shown) among other systems or features. The fan
section 22 drives air along a bypass flowpath B while the
compressor section 24 drives air along a core flowpath C for
compression and communication into the combustor section
26 then expansion through the turbine section 28. Although
depicted as a turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that the
concepts described herein are not limited to use with turbo-
fans as the teachings may be applied to other types of turbine
engines including three-spool architectures.

The engine 20 generally includes a low speed spool 30 and
a high speed spool 32 mounted for rotation about an engine
central longitudinal axis A relative to an engine static struc-
ture 36 via several bearing systems 38. It should be under-
stood that various bearing systems 38 at various locations
may alternatively or additionally be provided.

The low speed spool 30 generally includes an inner shaft 40
that interconnects a fan 42, a low pressure (or first) compres-
sor section 44 and a low pressure (or first) turbine section 46.
The inner shaft 40 is connected to the fan 42 through a geared
architecture 48 to drive the fan 42 at a lower speed than the
low speed spool 30. The high speed spool 32 includes an outer
shaft 50 that interconnects a high pressure (or second) com-
pressor section 52 and high pressure (or second) turbine sec-
tion 54. A combustor 56 is arranged between the high pressure
compressor 52 and the high pressure turbine 54. A mid-
turbine frame 57 of the engine static structure 36 is arranged
generally between the high pressure turbine 54 and the low
pressure turbine 46. The mid-turbine frame 57 supports one
or more bearing systems 38 in the turbine section 28. The
inner shaft 40 and the outer shaft 50 are concentric and rotate
via bearing systems 38 about the engine central longitudinal
axis A, which s collinear with their longitudinal axes. As used
herein, a “high pressure” compressor or turbine experiences a
higher pressure than a corresponding “low pressure” com-
pressor or turbine.

The core airflow C is compressed by the low pressure
compressor 44 then the high pressure compressor 52, mixed
and burned with fuel in the combustor 56, then expanded over
the high pressure turbine 54 and low pressure turbine 46, then
enters the core nozzle 43. The mid-turbine frame 57 includes
airfoils 59 which are in the core airflow path. The turbines 46,
54 rotationally drive the respective low speed spool 30 and
high speed spool 32 in response to the expansion.

The engine 20 in one example is a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass
ratio is greater than about six (6), with an example embodi-
ment being greater than ten (10), the geared architecture 48 is
an epicyclic gear train, such as a star gear system or other gear
system, with a gear reduction ratio of greater than about 2.3
and the low pressure turbine 46 has a pressure ratio that is
greater than about 5. In one disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10:1), the fan diam-
eter is significantly larger than that of the low pressure com-
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pressor 44, and the low pressure turbine 46 has a pressure
ratio that is greater than about 5:1. Low pressure turbine 46
pressure ratio is pressure measured prior to inlet of low pres-
sure turbine 46 as related to the pressure at the outlet of the
low pressure turbine 46 prior to an exhaust nozzle. It should
be understood, however, that the above parameters are only
exemplary of one embodiment of a geared architecture engine
and that the present invention is applicable to other gas tur-
bine engines including direct drive turbofans.

A significant amount of thrust is provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 is designed for a particular flight condition—typi-
cally cruise at about 0.8 Mach and about 35,000 feet. The
flight condition 0of 0.8 Mach and 35,000 ft, with the engine at
its best fuel consumption—also known as “bucket cruise
Thrust Specific Fuel Consumption (‘“TSFC’)”—is the indus-
try standard parameter of Ibm of fuel being burned per hour
divided by 1bf of thrust the engine produces at that minimum
point. “Fan pressure ratio” is the pressure ratio across the fan
blade alone, without a Fan Exit Guide Vane (“FEGV”) sys-
tem. The low fan pressure ratio as disclosed herein according
to one non-limiting embodiment is less than about 2.0. “Low
corrected fan tip speed” is the actual fan tip speed in ft/sec
divided by an industry standard temperature correction of
[(Tambient deg R)/518.7)—"0.5]. The “Low corrected fan tip
speed” as disclosed herein according to one non-limiting
embodiment is less than about 1150 ft/second.

Referring to FIGS. 2-4, a flow path through the nacelle is
shown in greater detail. The engine includes a spinner 60 that
defines the engine central longitudinal axis A. The bypass
flow path B is defined by a thrust reverser unit 66 that is
spaced radially outward from an Inner-Fixed Structure (IFS)
64. A core cowl 79 comprises an external portion of the IFS 64
which extends to a trailing edge 70. The core flow path C is
defined between a core nozzle inner surface 62 and an inner
peripheral surface 72 of the core cowl 79. Fan exit guide vanes
(FEGV) 74 extend radially from the IFS 64 to the fan case 22'
and typically circumscribe the low pressure compressor 44.
Turbine exit guide vanes (TEGV) 47 extend radially from the
core inner nozzle surface 62 to the inner peripheral surface 72
of the core cowl 79 and define where the core nozzle 43
begins.

The core nozzle inner surface 62 is defined in part by a
tailcone 76. The inner peripheral surface 72 of the core cowl
79 is spaced radially outward of the core nozzle inner surface
62 to define the core flow path C through the core nozzle 43.

Vent air flow is extracted from the bypass stream B into a
vent plenum 68. Vent flow path V is defined between a vent
inner surface 77 and an internal surface 71 of the core cowl 79
that is spaced radially outward of the vent inner surface 77. A
core OML comprises an external portion of the vent inner
surface 77, which extends to a core trailing edge. A reflex
member 78 (FIGS. 3-4) extends from the vent trailing edge 70
to deflect fan flow F away from the vent flow pathV (see FIG.
4), which impedes mixing of the fan flow path and the vent
flow path.

In one example, the reflex member 78 comprises a separate
component that is attached to the core cowl trailing edge 70.
However, the reflex member 78 does not necessarily have to
be a separate piece and can be integrated in the design as part
of'the core cowl as shown in FIG. 5. In a retrofitting applica-
tion the reflex member 78 can be separately attached to the
IFS but if part of the original design the reflex member 78' can
be manufactured as one piece with the IFS to extend from the
trailing edge 70" of the nacelle 68' (FIG. 5).

In one example, the reflex member 78 comprises an annu-
lar strip that is fixed to the core cowl trailing edge 70. In one
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example, the annular strip is comprised of a rigid material;
however, the reflex member 78 could be comprised of any
type of material that is strong enough to deflect the fan flow
away from the vent flow path.

The reflex member 78 includes an inner surface 80 that
faces the vent inner surface 77 and an outer surface 82 that
faces opposite the inner surface 80. In one example, the outer
surface 82 comprises a concave surface that serves as a shield
to deflect fan flow away from vent flow.

As shown in FIG. 4, the reflex 78 has a curved profile
extending from a fore edge 84 of the reflex member 78 to an
aft edge 86 of the reflex member 78. The curved profile has a
portion 88 that extends radially inwardly toward the Core
external surface (Core OML).

In one example, the vent inner surface 77 is profiled to
extend radially outwardly toward the reflex member 78. A
portion 90 of the vent inner surface 77 converges toward the
reflex member 78 to define a vent height V. In one example,
the reflex member 78 allows the vent height to be reduced to
less than about 0.50 inches (1.27 cm).

As discussed above, in previous configurations the vent
height was increased to provide sufficient exit area. However,
the disadvantage was that as the height increased, vent step
drag increased as well. To decrease the step height, the vent
flow coefficient has to be improved. The vent flow coefficient
is equal to the measured flow (Vm) at the vent location
divided by the ideal flow (Vi). To improve the vent flow
coefficient, vent flow is shielded by the reflex member 78,
which is configured to extend from the trailing edge 70 of the
core nacelle 68. The reflex member 78 provides a surface that
deflects the fan flow away from the vent without incurring
excess pressure loss due to the flow turning.

By using the reflex member 78 to deflect the fan flow in
combination with the converging vent inner surface, the local
static pressure is dropped which increases the Vent Nozzle
Pressure Ratio (VNPR). Due to the increase in VNPR, the
vent flow coefficient has improved which allows the vent
physical exit area to be reduced. This in turn allows the vent
step height to be reduced, which results in a decrease in step
drag associated with the backward facing, i.e. aft facing, step.
In one example, vent step height was reduced from approxi-
mately one inch (2.5 cm) to less than about 0.50 inches (1.27
cm).

Although an example embodiment has been disclosed, a
worker of ordinary skill in this art would recognize that cer-
tain modifications would come within the scope of the claims.
For that reason, the following claims should be studied to
determine their true scope and content.

What is claimed is:

1. A nacelle assembly for a gas turbine engine comprising:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core and
having a core cowl that extends from the inner-fixed
structure to a trailing edge;

athrust reverser spaced radially outward of the inner-fixed
structure to define a fan flow path;

avent having a core cowl internal surface formed as part of
the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede
mixing of the fan flow path and the vent flow path,
wherein the reflex member includes a curved portion
that is formed as part of a radially outer surface of the
reflex member.
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2. The nacelle assembly for the gas turbine engine accord-
ing to claim 1, wherein the vent inner surface has a portion
that converges toward the reflex member to define a vent
height.

3. The nacelle assembly for the gas turbine engine accord-
ing to claim 2, wherein the reflex member extends from a fore
edge fixed to the trailing edge to an aft edge that defines the
vent height, and wherein a portion of the reflex member that
is between the fore and aft edges extends radially inwardly
toward the engine central longitudinal axis.

4. The nacelle assembly for the gas turbine engine accord-
ing to claim 1, wherein vent air flow is extracted from the fan
flow path into a vent plenum within the inner-fixed structure.

5. The nacelle assembly for the gas turbine engine accord-
ing to claim 4, wherein a core inner nozzle surface is spaced
radially inwardly of an inner peripheral surface of the core
cowl to define a portion of a core flow path that is radially
inward of the vent air flow.

6. The nacelle assembly for the gas turbine engine accord-
ing to claim 1, wherein the radially outer surface includes a
concave surface portion.

7. A nacelle assembly for the gas turbine engine compris-
ing:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core and

having a core cowl that extends from the inner-fixed
structure to a trailing edge;

a thrust reverser spaced radially outward of the inner-fixed

structure to define a fan flow path;

avent having a core cowl internal surface formed as part of

the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede

mixing of the fan flow path and the vent flow path,
wherein the reflex member includes a curved portion,
and wherein the reflex member comprises an annular
strip that is fixed to the trailing edge.

8. The nacelle assembly for the gas turbine engine accord-
ing to claim 7, wherein the annular strip is comprised of a
rigid material.

9. A nacelle assembly for a gas turbine engine comprising:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core and

having a core cowl that extends from the inner-fixed
structure to a trailing edge;

a thrust reverser spaced radially outward of the inner-fixed

structure to define a fan flow path;

avent having a core cowl internal surface formed as part of

the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede

mixing of the fan flow path and the vent flow path, and
wherein the reflex member comprises a reflex inner sur-
face that faces the vent inner surface and a reflex outer
surface that faces opposite the reflex inner surface, and
wherein the reflex outer surface comprises a concave
surface.

10. A nacelle assembly for the gas turbine engine compris-
ing:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core and

having a core cowl that extends from the inner-fixed
structure to a trailing edge;

a thrust reverser spaced radially outward of the inner-fixed

structure to define a fan flow path;
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avent having a core cowl internal surface formed as part of
the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede
mixing of the fan flow path and the vent flow path,
wherein the reflex member includes a curved portion,
and wherein the reflex member has a curved profile
extending from a fore edge of the reflex member to an aft
edge of the reflex member.

11. The nacelle assembly for the gas turbine engine accord-
ing to claim 10, wherein the curved profile includes the
curved portion that extends radially inwardly toward the vent
inner surface.

12. The nacelle assembly for the gas turbine engine accord-
ing to claim 11, wherein the vent inner surface has a portion
that converges toward the reflex member to define a vent
height.

13. The nacelle assembly for the gas turbine engine accord-
ing to claim 12, wherein the vent height is less than about 0.50
inches (1.27 cm).

14. A nacelle assembly for the gas turbine engine compris-
ing:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core and
having a core cowl that extends from the inner-fixed
structure to a trailing edge;

athrust reverser spaced radially outward of the inner-fixed
structure to define a fan flow path;

avent having a core cowl internal surface formed as part of
the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede
mixing of the fan flow path and the vent flow path,
wherein the reflex member includes a curved portion,
and wherein the vent inner surface has a portion that
converges toward the reflex member to define a vent
height, and, wherein the reflex member extends from a
fore edge fixed to the trailing edge to an aft edge that
defines the vent height, and wherein a portion of the
reflex member that is between the fore and aft edges
extends radially inwardly toward the engine central lon-
gitudinal axis, and wherein the reflex member is inte-
grally formed as one piece with the core cowl.

15. A gas turbine engine comprising:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core;

a fan having a thrust reverser unit spaced radially outward
of the inner-fixed structure to define a fan flow path;

a first shaft rotatable about the engine central longitudinal
axis and connected to the fan;

afirst compressor and a first turbine section interconnected
by the first shaft;

a second shaft spaced radially outwardly of the first shaft
and rotatable about the engine central longitudinal axis;

a second compressor and a second turbine section inter-
connected by the second shaf;

a core cowl that extends from the inner-fixed structure to a
trailing edge, an inner peripheral surface of'a core OML
being spaced radially outward of a core nozzle inner
surface to define a core flow path;

avent having a core cowl internal surface formed as part of
the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede
mixing of the fan flow path and the vent flow path, and
wherein the reflex member has a curved profile extend-
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ing from a fore edge of the reflex member to an aft edge
of the reflex member, and wherein the curved profile has
a portion that extends radially inwardly toward the vent
inner surface.

16. The gas turbine engine according to claim 15, wherein
the first shaft is connected to the fan through a geared archi-
tecture.

17. The gas turbine engine according to claim 15, wherein
the reflex member is integrally formed as one piece with the
core cowl.

18. A gas turbine engine comprising:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core;

a fan having a thrust reverser unit spaced radially outward
of the inner-fixed structure to define a fan flow path;

a first shaft rotatable about the engine central longitudinal
axis and connected to the fan through a geared architec-
ture;

a first compressor and a first turbine section interconnected
by the first shaft;

a second shaft spaced radially outwardly of the first shaft
and rotatable about the engine central longitudinal axis;

a second compressor and a second turbine section inter-
connected by the second shaf;

a core cowl that extends from the inner-fixed structure to a
trailing edge, an inner peripheral surface of'a core OML
being spaced radially outward of a core nozzle inner
surface to define a core flow path;

avent having a core cowl internal surface formed as part of
the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede
mixing of the fan flow path and the vent flow path, and
wherein the reflex member comprises an annular strip
that is fixed to extend aft of the trailing edge.

19. The gas turbine engine according to claim 18, wherein
the reflex member extends from a fore edge fixed to the
trailing edge en an aft edge, and wherein the reflex member
defines a vent height relative to the vent inner surface.

20. The gas turbine engine according to claim 19, wherein
aportion of the reflex member that is between the fore and aft
edges extends radially inwardly toward the engine central
longitudinal axis.

21. The gas turbine engine according to claim 20, wherein
the vent inner surface includes a portion that converges
toward the reflex member to define the vent height.

22. The gas turbine engine according to claim 21, wherein
the vent height is less than about 0.50 inches (1.27 cm).

23. A nacelle assembly for the gas turbine engine compris-
ing:

a core defining an engine central longitudinal axis;

an inner-fixed structure radially outward of the core and
having a core cowl that extends from the inner-fixed
structure to a trailing edge;

a thrust reverser spaced radially outward of the inner-fixed
structure to define a fan flow path;

avent having a core cowl internal surface formed as part of
the core cowl and a vent inner surface spaced radially
inward of the core cowl internal surface to define a vent
flow path; and

areflex member extending from the trailing edge to impede
mixing of the fan flow path and the vent flow path,
wherein the reflex member includes a curved portion,
and wherein an aft edge of the reflex member extends in
a direction away from the engine central longitudinal
axis.
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